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PAPERS READ BEFORE THE CHEMICAL SOCIETY. 
I.--Mod$cutions of Double Xulpliates. 
By SPEXCER UNFKEVILLE PICKERING, M.A. Oxon, Professor of 
Chemistry a t  Bedford College. 
IB a previous communication t,o this Society (C71,em. h'oc. J., Trans., 
1854, G86), attention was drawn to the great discrepancies which 
exist in  the determinations of the heat of dissolution of anhydrous 
potassium magnesium sulphate, it being, according to Thomsen, 
10,602 cal., and according to Graham only 7000 cal. An investiga- 
tion of the corresponding copper salt, CuKK,(S0J2, led to an esplana- 
tion of these discrepancies. 
Potassium Copper Xulphate. 
This salt may be prepared without any difficulty by mixing hot; 
concentrated solutions of the constituent sulphates in equivalent pro- 
portions, and allowing the mixture to cool. The liquid should not be 
heated to within 20" or 30" of its boiling point, otherwise an abundant 
crystalline precipitate will be formed, which, according to Bruriner 
(Poyg. A Y ~ ,  15, 476), consists of a basic double salt having the 
composition C u K, ( S 0,) 2 ,  2 C u S Og ,Cu 0 ,4H.10, decomposable by water, 
leaving an insoluble residue of the te trabasic copper sulphate, 
cuSo*,3cuo. 
A considerable quantity of the crystallised salt, CuK2(SOJ,,6H20, 
having been prepared in the above manner, the crystals were 
powdered, washed, and dried by exposure to air, after which they 
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2 PICKERINCI : MODIFICATIONS O F  DOUBLE SULPHATES. 
were found to contain the theoretical percentage of water within 
experimental error. 
When heated a t  loo", this hydrated salt parted quickly with the 
whole of its water, leaving the anhydrous salt in the form of a blue 
powder as dark in colour as the hydrated substance itself: when, 
however, this blue salt was heated to a temperature of 150--200", i t  
was found to  lose its colour and become white, or very nearly white ; 
this white modification in  its turn underwent a change when the 
temperature was further raised to about 300" or  400", and became 
again blue or bluish-green. This third modification remained 
apparently unchanged by any additional increment of temperature 
till the melting point of the salt was reached a t  a low red heat. The 
molten salt forms an  opaque green liquid, which solidifies to form a, 
glassy mass ; as soon, however, as the temperature falls sufficiently 
low, this glass suddenly crumbles into an opaque blue powder 
resembling in every respect the blue modification obtained at  400". 
The behaviour of the fused salt has been noticed by previous 
observers (Thomsen, J. pr. Chem., 18, 35), but the white modifica- 
tion has hitherto escaped observation ; indeed, when operating on 
small quantities of the salt, it appears difficult to obtain i t  
a t  all. 
It is necessary to  cool the fused or strongly heated salt as quickly 
as possible, for, if cooled slowly, it will often revert partially to the 
white form, and it is, moreover, necessary to fuse it in quantities not 
exceeding 5 or  6 grams, in order to avoid any decomposition, as i t  
begins to evolve sulphuric anhydride at a temperature very little 
above its fusing point. 
The curious changes of colour experienced by this salt suggested 
its existence in distinct modifications: which might be more fully 
investigated by measuring their heats of dissolution. 
Various specimens were, therefore, prepared and examined in this 
way. The results thus obtained are embodied in Table I (p. 6). 
The first column in this table gives the number by which the 
samples were designated for the convenience of future reference. 
Nos. 3415, 3424, and 3425 were obtained from a totally different 
preparation of the hydrated salt to that from which the others were 
obtained. 
w = weight of salt taken, 
W = the water equivalent of the calorimeter and its contents, the 
volume of the water in it being 601,678 + 0.016 To c.c., which, 
according to Berthelot's simplified method of calcul:tt8ion, is reckoned 
as being equivalent to the same number of grams with a specific heat 
of unity (see JIthanique Chiqnipue, 1, 190). 
Column VII records which therniometer was einplojed in the 
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experiment ; the temperature 7,  t, and t' being given in the arbitraq- 
degrees of these instruments. 
7 = temperature of the salt a t  the moment of its introduction into 
the calorimeter. t = the initial, and t' the final temperatu1.e of the 
calorimetric liquid, corrected for (1) the temperature of the salt 
, where c is the specific heat of the ( t  - 7)wc w + 20 according to  the equation 
salt ; (2) the exposure of the mercurial column t o  the temperature of 
the air ; ( 3 )  the calibration correction. 
The molecuhr heat of dissolution (Column XII) is given by the 
equation M = (" - ' I a W  where M is the molecular weight of the 
salt (333*02), and a the mean value of the arbitrary degrees of the 
thermometers in degrees centigrade, this being in the case of ther- 
momet'er 81, 0*38663", and with 83, 0.38046". 
The next column gives the initial temperature in degrees centi- 
grade. 
The figures in the other columns will be explained shortly. 
The proportion of water to salt taken was about 800 : 1 mol. 
For  experimental error, &c., see Trans., 1884, 686. 
Some small correction should be applied to some of the numbers 
given in this table, owing to the presence of a little basic and insolu- 
ble salt which the white speciAens always contained. The greatest 
quantity which was ever found amounted to 0.2 per cent. (in the 
case of the white modification), and would necessitate a correction of 
about + 12 cal.; some of the specimens of the third modification 
contained a similar impurity also, not exceeding, however, 0.06 per 
cent., corresponding to 6 cal.; these amounts are so small in corn- 
parison with the experimental errors that it was not thought neces- 
sary to correct for them. The first modifications as well as the fused 
specimens contained no such impurity. 
The majority of the experiments quoted in this table were per- 
formed a t  an initial temperature of 18.25" C., and, confining our 
attention for the moment to thcse experiments only, it will be seen 
that all the blue specimens which were obtained a t  low temperatures 
dissolved with practically the same evolution of heat, namely, 
9709 cal.; t'he white specimens evolve a very much smaller amount 
of heat on dissolving, about G%UO cal. only, though the various 
numbers here are not so closely concordant as they are with the blae 
specimens, from a cause which will be mentioned shortly ; lastly, the 
blue specimens obtained at higher temperatures evolve an amoun t of 
heat differing from either of the others, namely, 8407 cal. There 
can be no doubt, therefore, that the successive changes of colour indi- 
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4 PICKERING : MODIFICATIONS OF DOUBLE SULPHATES. 
cate the formation of distinct modifications of the salt, which may be 
conveniently designated as a, p ,  "J. 
The method of preparation O F  the different specimens was varied as 
much as possible. No difference is made in the nature of the a-modi- 
fication, whether it is obtained at  the lowest tempwatnre at which 
dehydration is complete, or  at  the highest temperature (about 130" as 
indicated by a thermometer in an air-bath*) which can be employed 
without risking the formation of some of the white salt. The various 
white specimens were obtained either direct from the hydrated salt, o r  
from t'he blue anhydrous modification, and a t  temperatures ranging 
from 180" to 220°, but in all cases they yielded identical numbers, 
showing that this modification also has zt perfectly definite existence. 
The second blue or ymodification, which begins to appear a t  250- 
300", is in a similar manner perfectly stable throixghout a considerable 
range of temperature, and even after fusion yields the same numbers 
on dissolution. The specimen, No. 2737, which alone gave numbers 
lower than the others, was known to contain some of the white modi- 
cation unaltered. 
The heat of dissolution decreases, of course, and decreases rapidly, 
with the temperature of the water, and we can examine those results 
ohtained with khe p- and ymodifications a t  temperatures other than 
1 8 2 5 O ,  only by comparing them with the heat of dissolution of the 
a-modification a t  identical temperatuTes. Where nit, and M p  repre- 
sent the heats of dissolution of the a- and P-modifications respectively 
a t  To, the heat of formation of the p- from the a-modification a t  
that temperature is M a  -MB. The values of Ma a t  the necessary tem- 
peratures are given in Column XIV, having been deduced from 
numerous experiments, the details of which i t  is not necessary to give 
here, and the values of (Ma--Mp) and (Ma-M,) are given in 
Column XV. These values, the heat, of transformation of the a- into 
the p-  and cpmodificntions will, however, not  be constant quantities, 
unless the specific heats of all the modifications are identical. Where 
this is not the case, the  heat evolved, Q', in any chemical reaction at  
T', may be calculated from that evolved, Q, at  any other temperature 
T by means of the equation Q-c'(T- T') = &'-c(T-T'), in which c 
represents the sum of the specific heats of the reacting substances, and 
c' that of the substances formed (see Berthelot, Me'c. Chim., 1, 
105). It was necessary, therefore, to determine the specific heats of 
the salts in question ; the details of these determinations will be more 
conveniently given elsewhere, the general results only being here 
:* In  snch a case, the tlierinometer being placed abme a dish containing some 
100 grams of the salt, the lowcr portions of the salt get heated, no doubt, 20" or 
30" sbore the thermometric reading. 
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PICKERISG : RlODIFIChTIONS OE' DOUBLE SULPHATES. 5 
stated. The molecular heats 01 the three modifications were found 
to  be- 
c, = 56.025 
c, = 58.735 
cp = 51.24 
Substituting these values for  c and c' in the above equation, the 
results obtained a t  the various temperatures were all reduced to 18-25", 
and entered in Column XVI of the table. 
I n  the first place with regard to the y-modification, the numbers 
thus obtained are not identical, as they should be, but show a, regular 
increase with the temperature ; it is difficult to account for this fact 
otherwise than by assuming that the specific heat of this modification 
is considerably greater a t  these temperatures (8-23') than experi- 
ment showed it to be a t  8-43". I n  order to render the figures in the 
last column identical, the value of c y  would have t o  be 70 instead of 
58.7, or at any rate the difference between the two specific heats C, and 
c,, would have to be five or six times greater than the determinations 
gave it. Such a supposition is scarcely admissible, and i t  will be pre- 
ferable to take those experiments only which were performed at 
18*25", and which give + 1302 cal. as the heat value of the trans- 
formation of the a- into the ymodification at  that temperature. 
The numbers in the last column, which refer to the formation of 
the white modification, show also a considerable variation, but here 
the variation may be accounted €or without difficulty. 
Berthelot has shown (,4nn. China. Phys. [5], 29, 295, et seq.) that 
most double as well as single salts after fusion do not a t  once attain 
their normal and stable condition as regards their thermal properties, 
and it seems not improbable that a similar period of instability may 
intervene after they have been heated, even without fusion (see 
Trans., 1885, 99), especially if ,  as in the present case, this heating has 
been accompanied by some distinct molecular rearrangement. Unfor- 
tunately, at the time when these experiments were made, now nearlx 
two years ago, Berthelot's results had not been published, and tlie 
intervals which had elapsed between the preparation and dissolution 
of a sample were not accurately noted ; the dates which are given in 
Column IV are, therefore, for the most part approximations only; 
but, nevertheless, they show satisfuctody that the white samples 
dissolve 1%-ith an evolution of about 230 cal. more after they have 
been kept for some days than they do when freshly prepared. 
Taking the different samples separately- 
No. 2739 dissolved after three days with a heat evolution which 
gives the value of M,-Mp to be 3590 cal. (Expt. 9) ; after 
10 daSs the value (calculated for 18.25") was reduced t o  
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
18
86
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
ity
 o
f P
itt
sb
ur
gh
 o
n 
31
/1
0/
20
14
 0
0:
36
:0
9.
 
View Article Online
6 PICRERING : MODIFICATIONS O F  DOUBLE SULPHATES. 
3326 (Expts. 16 and 17)  and 3296 (Expts. 7 and 8) ; after 
130 days, to 3396 (Expt. 14) and 3393 (Expt. 15) : an average 
reduct>ion of 264 + 294 + 194 + 197 - 
No. 2750 after three days gave the value 3476 (Expt. 12) ; after 
10 days, 3299 (Expts. 18 and 19) ; and after 130 days, 3284 
237 cal. 
4 -> 
(Ii7 s Ig2 => (Expt. 13), showing an  average reduction of 
185 cal. in  this value. 
No. 3425 dissolved after one day gave 3602 (Expt. 20) ; and after 
60 days, only 3271 (Expts. 21 and 22) : a reduction of 331 cal. 
No. 2716 dissolved after one day gave 3528, Le.,  200 cal. abore the 
average of other samples dissolved aft,er keeping. 
No. 3415 alone showed no change on being kept 44 days ; but as it 
gave only 3360 cal. as the value of the reaction when dis- 
solved immediately after preparation, it would appear as if 
some peculiarity in the details of its trent'ment had reduced i t  
a t  once to that state in which this modification remains stable. 
Summing up these results, it seems evident that some change takes 
place which is complete in about 10  days, and which results in the 
salt dissolving with an evolution of about 230 cal. more than it does 
when freshly prepared, the actual numbers being 6159 cnl. a t  first, 
and 6489 cal. eventually, the transformation of the a- into the 
p-rncdiiication evolving 3550 and 3220 C R ~ . ,  according as either the 
former or t,he latter of these above numbers is t'aken; preferelice 
should be, perhaps, given to the lat'ter, as it corresponds to the more 
stable condition. 
A compitrison of Expt. 6 with Expts. 1 to 5 shows that the a-modi- 
fication undergoes no change of this desrription ; and a comparison 
of Expt. 27 with 28, and of 34 with 31 to 33, shows the same fact with 
regard to the ymodification. Expt. 15 proves that prolonged heating 
of a, white specimen, at  temperatures below that of its preparation, 
does not induce any change i n  it. 
The heat development on the passage of one inodification into 
another, as given above, is calculated, of course, on the assumption 
that, all the three modification5 when dissdved in water, form iden- 
tical solutions, an assumption which tlie appearance and behaviour oE 
the solutions, as well as the absence of further thermic effects, fully 
justifies. 
The heat of formation of the double salt fi-om its constituenh sul- 
pliates, x, will be given by the following equation :- 
This number will therefore be adopted. 
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TABLE I.-Heat of Dissolution of Anhydrous Potassium Copper Xulphate, CaK,(SOJ, = 333.02; wzol. = 12.488 grams. a 
XIV. 1 
nes t  of 
lissolution of the 
a-modification 
at To C. 
11. 
Colour. 
111. 
Method of preparation. 
-- 
x. 
t'. 
IV. 
Date of 
experiment after 
that of 
preparation. 
V. 
W. 
VI. 
w. 
VII. 
Therni. 
VIII. 
7. 
IX. 
t. 
XI. 
i'- t. 
XII. XIII. 
To C. 
I. 
8 ample. 
Value of the 
change of the a- 
into the 6- or y -  
modification at M, 
Molecular heat of 
dissolution. XVI. 8 -25O C. 
XV. 
To C. 
"}2717 2. .... 
4. 3*}2744 . . .  
5. 2746 .... 
614 -12 
614 -12 
614.12 
614 *21 
614.21 
614 *21 
18 *62 
18'52 
20 -35 
26 -54 
25 S9-E 
21 -65 
21 -456 
21.3845 
21 *397 
21 - 7795 
21,705 
22 -3735 
22.988 
22 *8905 
22 '948 
23 *3385 
23 *222 
23 *910 
______ 
34 -872 
344 '9025 
22 -5235 
22 .$I3 
22 -303 
22 %a7 
23 -483 
23 *35% 
23 -087 
33 .51'2 
33 -409 
33 -429 
33 .4.94 
23.984 
23 -945 
24.032 
18*066 
18.354 
18.194 
18.190 
-- ____ 
35 -6395 
35 -246 
23 '523 
23.004 
22,556 
23 *046 
22 *844 
23 -545 
19 -265 
19 '282 
Crystals dehydrated at 100" ; sifted 
Crystals heated at 50'; sifted and 
Crystals heated at 80") and then 
and reheated at 100-130". 
reheated at 100-120". 
at 115". - 
}About 1 day . . 
), 3 ), . * * *  
1 *532 
1 '506 
1.651 
1 '559 
1.517 
1.5335 
1 a091 
1 *082 
0 -9615 
0 '991 
0*9605 
0 -976 
1.0145 
1 *qo55 
0.994 
0 -944 
0 *915 
0 -956 
0 '944 
0 *782 
0 T395 
0.8255 
0 -7405 
0 -759 
0 *752 
0.758 
._ 
1 *tzo95 
1 *385 
1.271 
1.2875 
1 -346 
1 *337 
1.306 
1.235 
1 *062 
1 '069 
12.392 
12 * 434 
12.588 
12 *605 
12 '4423 
12 *471 
12 *603 
12 743 
12 -435 
12 *636 
12 *329 
12 ,478 
12 -497 
12 -589 
12.416 
12 * 377 
12 *532 
12 '610 
12 ' 727 
12 '551 
11 '123 
12 -382 
12 *530 
12 500 
12 *456 
12 * 633 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
83 
83 
83 
a3 
83 
83 
83 
83 
83 
83 
83 
Blue.. .... { 
,, . - . . a .  { 
.......... 
.......... 
i Nearly white 
Quite white { 
%-&rlY { 
- 
Nearly white 
- 
c 
Quite white . 
,9709 18 *25 - 
3296 
3590 
3528 
3476 
3284 
3396 
3393 
3326 
3299 
3602 
3271 
3360 
3339 
1252 
1302 
1444 
)) 120 days., R 7.44 J 6. 2744 and 
2746 
6782 
6115 
6181 
6233 
6425 
6313 
6316 
5807 
5834 
4848 
5179 
4661 
4683 
Crystals heated at 215" ; sifted and 
A blue specimen heated at 220" 
Crystals heated at 180" ; sifted and 
Some of 2739 after being reheated 
reheated at 195". - - 
aft& being sifted. 
reheated at 195". 
- - 
at 100-120" for 19 hours. 
{ } About 10 days 614.27 614 -27 
614 -12 
614 -12 
614 -12 
614 -21 
614 -21 
614 -21 
614 *21 
614.03 
614 *12 
614.03 
614.12 
614 *06 
614 * 08 
614.08 
614.02 
614 * 02 
614.02 
61 i'0-3 
35 * 6% 
35.32 
18 a45 
17 -32 
18 :20 
25 '43 
21 -57 
21 -41 
21 *m 
37 '37 
35 '87 
37 -92 
36 *47 
22 *84 
22 *63 
23-02 
17 '37 
17 *2S 
17.34 
17 -56 
33 '781 
33 $8205 
21 -552 
21'452 
21 -3425 
21 -651 
22 *4685 
22 -352 
22 '093 
32 *598 
32 -494 
32'473 
32 -550 
23 -202 
23 -2055 
23 * 2065 
17 -3255 
17 * 595 
17 -442 
17 *432 
34 *230 
33 -861 
21 *262 
21 *7165 
21 '210 
21 *709 
21 a 538 
22 '310 
19 *203 
18'213 
10100 
9709 
9110 
8410 
'1970 
22 -91 
I 
)- 1s *25 
I 
! 
\ 13 '37 
1 
} 9-85 
} 7.64 
22 -98 
18 -25 
7 *935 
3318 
- 
- 
- 
I 
- 
I 
3303 
3276 
3562 
3231 
3309 
3288 
1239 
- 
1472 
- 
9. 
10'}2716 1. .... 
13. 2}2750 * .  { 
14. 2739 .... 
15. 3087 .... 
:;:.}2739 . . . .  
.... 
22. 
n>3415 .. { 
26. 
Y )  10 >) { 
-i 
1 day. .  .......... 
60 days ........ 
2 hours ........ 
44days . . . . . . . .  
Crystals heated at 180" ........ 
........ -I. Crystals heated at 200" 
1 
614.27 
614 *27 
614 -12 
614 *12 
614 *12 
614 *21 
614 -21 
318 -37 
614 *03 
614.03 
34 -76 
29-19 
22 *70 
22 -82 
15 *25 
23 -37 
23 -47 
22 -67 
17 -15 
1r *84 
27. 2743, 2751 
and 2752 
28. 3069 .... 
!SO. r2g*} 2737 . . . 
31. 2743 .... 
32. 2751 .... 
33. 2752 .... 
34. 3069 .... 
36. 35*} 3424 .... 
Blue..  ...... 
!) . . . . . . .  
)) ...... { 
. . . . . . . . . .  
. . . . . . . . . .  
. . . . . . . . . .  . . . . . . . . . .  
. . . . . . . . . .  
88921 8866 12 * 4 t 9  
12.380 
12 -608 
12.334 
12 -626 
12 -549 
12.383 
5 -995 
12 *536 
12.743 
81 
81 
81 
81 
81 
81 
81 
81 
83 
83 - 
About 10 days .... 
.......... 10105 Fused.. ........................ 
A white specimen heated over a 
Hcat.ed below redness.. .......... 
Nearly fused.. ................. 
Fused.. ........................ 
Fused.. ........................ 
burner ;' not homogeneous. 
Partially fused.. ................ 
.. ; 
'. { 
.... 
.... .... ,. * .  
tyW7 9709 
8030 
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PICRERING : MODIFICATIONS OF DOUBLE SULPHATES. 7 
in which MKMg, MK, and M,, are the molecular heats of dissolu- 
tion of the double salt of potassium sulphat,e, and of copper sul- 
phate respectively,* and N t'he heat disturbance on mixing solutions 
of the single sulphates. This latter quantity was found to be nil, 
in accordance with the observations of other physicists, and the 
values of M, and M,, were found by means of numerous experiments 
to  be - 6495 and 15633 respectively at 18.25O ; the algebraic sum of 
these is + 9138, and hence the heat of formation of the a double salt 
will be (9138 - 9709 =) - 571 cal., i .e., it is an endothermic com- 
pound. The other two modifications on the contrary would be formed 
hy exothermic reactions :- 
[K,80a + CuSOd = B-CuK2(SOJz] = 2649 cal., 
and [&SO, + CuSO, = yCilK,(SO,),] = 3 1  ,, 
That all these three salts are in reality componnds, and not mere 
mixtures of the uncombined sulphates of copper and potassium, is 
clearly shown by the fact that  none of them dissolves with the heat 
evolution with which the mixed salts would, namely 9138 cai., and 
that those two modifications which approach most nearly to this quan- 
tity are both blue substances, whereas a mixture would be white; 
the only modification which is white dissolves with an evolution of as 
much as 2649 cal. less than a simple mixture would do. 
I t  remains only to be added that whereas the first change under- 
gone by this salt, the passage of the a- into the /?-modification, is an  
exothermic action evolving 3220 cal., the second change, that  of the 
/3- into the ymodification, is an endothermic act,ion, absorbing 1918 
cal., 8,s measured a t  18.25". 
The mean of two determinations of the heat of dissolution of this 
salt which were made hy Thomsen gave 9396 cal. a t  17-27", whereas 
at this temperature the a-modification, according t>o my experiments, 
would evolve :I61 7 cal. on dissolving, indicating that l'homsen's speci- 
men had been overheated, and contained some of the P-modification. 
The experiments, however, are not strictly comparable x i th  mine, 
as he used a proportion of water amounting to only two-thirds of 
that used by myself. 
Potassizcna Magnesium Sulpltate. 
An investigation of potassium magnesium sulphate conducted on 
the same lines as that of its copper analogue was found to be com- 
plicated by various circumstances. 
* I f  the single sulphateB are dissolved in 400 molecules of water, the  double 
sulphate must be dissolved in  800 molecules in order to  make this equation correct. 
These proportions were taken. 
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8 PICEERING : MODIFICATIONS O F  DOUBLE SULPHATES. 
I n  the first place, considerable difficulty was met with in preparing 
the salt itself in a state of purity. The double salt is considerably 
more soluble than its component snlphates, and, therefore, unlike the 
copper salt, it does not crystallise out on mixing saturated solutions 
of the two sulphates. The mixed liquids should be evaporated 
while hot, and then allowed to cool ; spontaneous evaporation should 
not be resorted to, and the magnesium sulphate should be present in  
considerable excess, otherwise the crystals separating out will con- 
tain a large quantity, or even consist entirely of uncombined potas- 
sium sulphate. Moreover, since the double salt is entirely decom- 
posed by an  excess of water, the crystals should be washed free from 
mother-liquor only by means of a saturated solution of the double 
salt itself. After many unsuccessful attempts, a large quantity of 
the crystallised salt was prepared containing the theoretical pcr- 
centage of water ; from this, the anhydrous specimens were obtained. 
But here another difficulty arose. Just  like magnesinm sulphate 
itself, the double salt does not lose its water at the same low tempera- 
ture, and with the same ease as the copper compound does. The 
whole of its water is not evolved below 155", and, as i t  was feared 
that this temperature would be sufficiently high to induce some 
change in the constitution of the salt, the same expedient was 
adopted as in  the case of magnesium sulphate (Trans., 1885, l O l ) ,  
namely, dehydrating the salt as far as possible a t  the required tempe- 
rature, and making a correction for any residual water which is still 
retained. This correction was made in the same way as for magne- 
sium sulphate, necessitating a knowledge of the heat of dissolution of 
the hpdrated salt as well as that of the anhydrous salt a t  some par- 
ticular temperature. The former of these quantities was found to be 
- 9777, and the latter, as wi l l  be shown below, + 12037 at 22.28", 
and, consequently, the correction to be applied to the numbers obtained 
with a sample retaining, for instance, 0.6 per cent. of the total water 
present when fully hydrated would be - of (12037 + 9777) cal. The 
various corrections are given in Column X of Table I1 (p. 9), while 
the method of preparation and other details are given in the last 
column. All the experiments in this case were made a t  the same 
temperature, 22-28' U., with the exception of those with sample 
No. 3432, where the results a t  a higher and a lower temperature gave 
the means of calculating what the number would have been obtained 
at, 22.28". The symbols used are identical with those in Table I. The 
sp. ht. of the salt was taken as 0.17. 
To begin with, we are met by the same fact observed in the case of 
the copper salt ; that all the specimens prepared a t  low temperatures, 
ranging in this case from 110" to 155", are identical in nature, and give 
0.6 
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10 PICRERING : MODIFICATIONS O F  DOUBLE SULPHATES. 
the same evolution of heat on heing dissolved, namely 12037 cal. a t  
22*28", the numbers obtained being very concordant, when it is remem- 
bered that a correction depending on the accurate determination of 
a very small quantity of water had to be applied to most of them. 
15.5" appears, however, to be very near the lirnit within which such 
results are obtained; when heated to  170" the samples show a con- 
siderable clecrease in their heats of dissolution, just as in the case of 
t l io  coppei. salt, and this decrease becomes rapidly greater as the 
temperature employed is higher, till it reaches a climax in the fused 
specimens, of which the heat of dissolution is only about 7400 cal., or 
not much more than one half of t,hat of the specimens prepared below 
155", and which may be termed the a-modification. 
No modification intermediate between the a-modification and the 
fused salt appears here, as is the case with the copper salt, but it would, 
I think, be rash to say t'hat such does not exist. 1% is a character- 
istic of the magnesium salts, in contradistinction to the copper salts, 
that  their dehydration, and the various changes which they undergo, 
not only take place a t  higher temperatures, but are merged one into 
another, so that it is of ten difficult to obtain one of the products free 
f rom a certain amount of the others (see Trans., 1885, 101). Such is 
very probably the case with the double salt. It may be either that  
,.tn intermediate modification is formed between 755' and a red heat, 
but that the range of temperature tlironghout which it is obtainable 
is so small that' the conditions of the present experiments never 
su6ced t o  produce it unmixed with the other two modifications (in 
which case the fused salt should be termed the third or  y-modificat'ion), 
or else it may be that the temperature a t  which the clianges tjake 
place heing so much higher than they are in  the case of the copper 
salt, the very highest temperature (a bright red heat) which the salt 
is capable of bearing without decomposition is high enough to form 
only the second instead of the third modification ; if this be so, the 
fused salt should be termed the /%modification. The latter riew is, 
perhaps, preferable. seeing that the heat of dissolution of this last 
modification is so much smaller than that of the first one, bearing 
towards it about the same ratio as the p- does to  the a-pot'assium 
copper sulphate. 
The fused salt exhibits two peculiarities which the unfused samples 
do not. When thrown into water, it! dissolves with extreme slowness, 
it does not cake, but forms a milky liquid which becomes clear only 
after the lapse of about, 25 or 30 minutes. This has also been noticed 
by Berthelot (Ann. Chirn. Phys. [5], 29, 329), and resembles, thougli 
in an intensified form, the behaviour of monohydrat ed magnesiuni 
sulphate. The second peculiarity is that, when first put! into water, a 
full  of nearly 0.1" precedes the rise in temperature : this, no doubt, 
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PICRERING : MODIFICATIONS O F  DOUBLE SULPHATES. 11 
is due to i ts  passage into the a-modification previous to its disso- 
lution. 
The length of time required fo r  the dissolution of the fused speci- 
mens renders the beat determinations very difficult ; indeed, these can 
be regarded as approximations only. Omitting Expt. 18, which 
appears to be exceptionally high, the mean of the last fim experiments 
g iws  7431 cal. as the heat of dissolution of /3-MgK,(S0,)2, and the 
value of the transformation of the a- into the /?-modification as 
+ 4606 cal., measured at 22.28". 
According to my own experiments, potassium sulphate dissolyes in 
400 mols. of water, a t  this temperature, with an absorption of 6200 cal., 
and magnesium sulphate, under like conditions, with an evolution of 
20722 cal. This gives the followir,g values for the heat G f  formation 
of t,he double salt from its component sulphates :- 
[hfgSOA + K2S01 = a-BilgK2(SO,),] = 2485, 
[MgSO, + K,SO1 = /?-~IgK,(SO,),] = 7091, 
both reactions being exothermic. 
of the fused salt ; his results when reduced to 22.28" become- 
Dissolved at once , . . . . , . . . . 
Berthelot (Zoc. cit.) determined the heat of dissolution of a specimen 
(1) 8059 cal. 
'7132 ,) 
(6432 ), ,, after i3 weeks . . . . 
(4) ), and finely powdered 5588 ,% 
from which he concludes that after being kept, this salt dissolves 
with a decreased evolution of heat, due to its parting witIh some of 
the heat it had absorbed during fusion, and further, that powdering 
facilitates this loss. ' My own experiments, on the contrary, if  they 
show any change at all in the behaviour o€  the salt when kept, show an  
i nc rease  i n  the heat of dissolution (comp. Expt. 18 with 17, and 20 with 
19), a change similar in nature to that which certainly takes place with 
the /3-copper salt.? The difficulties of experimenting in this case, 
however, are so great that much weight cannot be attached to these 
* Berthelot's actual numbers are-(1) a t  17", '7300 cal. ; ( 2 )  and (3) a t  20.1", 6880 
and 6180 cal. ; (4) a t  20*8", 5421 caL Taking with these my own determinations of the 
lieat of dissolution of potassium ~ulphate  and of magnesium sulphate a t  these three 
temperatures-which are with the former -6600, -6340, and -6390, and with the 
latter 20353, 20610, and 20654 cal. respectirely-we get for the rnlue of the eqna- 
tion [MgS04 + K2S04 = /3-MgK2(S0,)2] 6483, 7390, 6432, and 5538 cal. in the  
four experiments, and the difference between these quantities and the sum of the 
lieats of dissolution of magnesium and of potassium sulphate a t  22.28" produces 
the numbers given in the text. 
t. Neither the fused copper nor any specimens of the y-modification showed any 
change on keeping. 
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12 PICKERING : MODIFICATIONS OF DOUBLE SULPHATES. 
differences, and it will be sufficient to remark that, on the whole, 
Berthelot's experiments are fairly concord2nt with my own, the mean 
of his giving 6798, or that of his first t'hree 7201 cal." against t'he 
mean which I have taken for mine, 7431 cal. 
The salt examined by Thomsen (J, p ~ .  Chem., 18, 27), dissolved 
with an  evolution of 900 cal. less than that of the a-modification, 
showing that this preparation was either not anhydrous or  that it had 
been over-heated and partially converted into the &modification. 
The great insolubility of anhydrous alum points, I think, to the 
probability of its being in reality different in  constitution from the 
hydrated salt ; unfortunately this very insolubility and the difficulty 
with which it parts with its water renders any experiments similar to 
the present ones impossible. It appears to be a moot point whether 
anhydrous alum is absolutely insoluble or not ; so far as my experi- 
ence goes it is certaiiily not, but a t  the same time I have found it 
quite impossible to deprive alum entirely of its water without causing 
i t  to lose a very appreciable amount of sulphur trioxide. Pure 
anhydrous alum is probably unknown. 
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